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@ Solid-state image sensor having a plurality of horizontal transfer portions. 

(g) Vertical transfer portions (3a to 3b)*are provided for the 
respective columns of photodetectors (1a to 1c) arranged in a 
matrix. A charge transfer direction of every other vertical 
transfer portions (3a, 3c) is opposite to that of the remaining 
vertical transfer portions (3b, 3d). The charges transferred in 
the opposite directions are outputted in different horizontal 
transfer portions (5a, 5b). The charges transferred by the two 
horizontal transfer portions are outputted therefrom and 
brought together in a united form so as to be continuously 
outputted. 
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Description 

Soiid-State Image Sensor Having a 



BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to solid-state image 
sensors and particularly to a soOd-state image 
sensor of a CSD (Charge Sweep Device) system 
having vertical and horizontal transfer portions. 

Description of the Prior Art 

In general, a solid-state image sensor is provided 
with photodetectors and a scanning system on a 
semiconductor material of silicon or the like and if 
the photodetectors are suitably selected, the image 
sensor can pick up images in a range from a visible 
region to an infrared region. Such solid-state image 
sensors have advantages that they are small-sized 
with lightweight and have a high reliability compared 
with conventional image pickup tubes and that the 
number of points to be adjusted in manufacturing of 
an image pickup apparatus is considerably de- 
creased. Therefore, special attention is drawn 
toward solid-state image sensors in various fields. 

Scanning systems of solid-state image sensors 
comprise in most cases MOS switches or CCDS 
(Charge Coupled Devices). In the case of a scanning 
system using a MOS switch, a spike noise caused by 
the MOS switch used for reading out a signal is 
mixed in the signal and as a result, an S-N ratio is 
lowered. In addition, the spike noise differs depend- 
ent on the columns for reading the signal, which 
further produces a noise called a fixed pattern noise, 
causing a further decrease in the S-N ratio. Conse- 
quently, the scanning system using the MOS switch 
cannot be used for detection of a very small signal 
which requires a high S-N ratio. On the other hand, in 
the latter scanning system using CCD, particularly in 
an interline CCD system widely utilized these days 
because of its free selection of photodetectors as in 
the above-mentioned MOS system, CCDs are 
arranged between the columns of detectors and 
accordingly it is des'irecF to design the system with 
the areas of the CCDs as small as possible in order 
to increase effective areas of the detectors. A 
charge transfer capacity of CCDs is proportional to a 
total area of storage gates for one stage of CCDS 
assuming that the same structure is adopted. 
Accordingly, reduction of the total area of CCDs 
imposes a limitation in a maximum value of charge to 
be handled. This becomes a serious problem 
particularly in the case of detecting a small signal in a 
large background as in an infrared ray solid-state 
Image sensor. 

Under the circumstances, there has been pro- 
posed a solid-state image sensor in which one 
vertical line of vertical charge transfer devices is 
driven as one potential well, thereby to reduce noise 
and to enhance a dynamic range. Figs. 5 to 7 are 
diagrams for explaining operation of such a solid- 
state image sensor. 

Fig. 5 is a block diagram of a conventional 



Plurality of Horizontal Transfer Portions 

solid-state image sensor. 

Photodetectors la to 1c arranged in three 
5 columns and four rows are connected to transfer 
gates 2a to 2c, respectively, so that electric signals 
obtained by conversion from light signals in the 
photodetectors 1a to 1c are transferred to vertical 
transfer portions 3a to 3c. The vertical transfer 
10 portions 3a to 3c are connected to interface portions 
4a to 4c, respectively, so that the transferred 
charges are transferred to a horizontal transfer 
portion 5. An end of the horizontal transfer portion 5 
is connected to an output terminal 7 through a 
15 preamplifier 6. 

A description is hereinafter made of structure and 
operation of a portion related with vertical charge 
transfer, that is, the vertical charge transfer portion 
3a and the interface portion 4a in the solid-state 
20 image sensor thus structured, with reference to 
Figs. 6(a) to (j). 

First, the structure of the vertical transfer portion 
3a formed by a charge transfer device and the 
interface portion 4a will be described with reference 
25 to Fig. 6(a). The structures of the other vertical 
transfer portions 3b and 3c and the other interface 
portions 4b and 4c are the same as shown. Fig. 6(a) 
shows a section taken along the line VI-VI in Fig. 5. 
The vertical transfer portion 3a comprises four gate 
30 electrodes 3-1 to 3-4 and the interface portion 4a 
comprises two gate electrodes 4-1 and 4-2, an end 
of the interface portion 4a contacting a gate 
electrode 5-1. A channel is formed in a silicon 
substrate 8 under those gate electrodes. This 
35 channel may be a surface channel or a buried 
channel. Although the respective gate electrodes 
have gaps in Fig. 6(a), a multilayer gate electrode 
structure including overlaps between the respective 
adjacent gate electrodes may be adopted. Clock 
40 signals q>V1 to q>V4, q>S and <pT as shown in Fig. 7 are 
applied to the gate electrodes 3-1 to 3-4, 4-1 and 4-2, 
respectively. This example shown in the figures 
represents a case of an N channel and if a P channel 
is adopted, it is only necessary to invert the polarities 
45 of the clock signals. 

Next, vertical charge transfer in the structure 
shown in Fig. 6(a) will be described referring to (b) to 
(j) of Fig. 6. Figs. 6(b) to (j) represent states of 
potentials of the channel corresponding to the 
50 positions of Fig. 6(a) with the respective timings. 
Fig. 6(b) represents a state of a potential at the 
timing T1 shown in Fig. 7. At this time, the clock 
signals <pV1 to <pV4 are all at H level and accordingly 
a large potential well is formed under the gate 
55 electrodes 3-1 to 3-4. Since the clock signal q>S is at 
a higher level than that of the clock signals cpV1 to 
<pV4 at this time, a deeper potential well is formed 
under the gate electrode 4-1. The clock signal <pT is 
at L level and accordingly a shallow potential barrier 
60 is formed under the gate electrode 4-2. On the other 
hand, the horizontal transfer portion 5 transfers the 
charge in this state and the potential level changes 
between the dotted lines shown in the figure. 
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In the above described condition, when any one of 
the transfer gates 2a in the vertical direction is 
turned on to read out a content of a detector la at the 
vertical transfer portion 3a, a signal charge Qsig 
exists at a predetermined position under the gate 
electrodes 3-1 to 3-4. 

Then, at the timing T2 shown in Fig. 7, that is, at L 
level of the clock signal q>V1, the potential well under 
the gate electrode 3-1 becomes shallow as shown in 
Fig. 6(c) and accordingly, the signal charge Qsig 
extends in space and is pushed toward the direction 
of the arrow A in Fig. 6. Subsequently, the clock 
signals (pV2 to <pV4 are successively lowered to L 
level at the timings T3, T4 and T5 as shown in Fig. 7 
and the potentials under the gate electrodes 3-2 to 
3-4 become successively shallow as shown in (d) to 
(f) of Fig. 6, whereby the signal charge Qsig is 
pushed toward the direction of the arrow A. At L 
level of the clock signal <pV4, the signal charge Qsig 
is stored in the potential well under the gate 
electrode 4-1 . The gate electrode 4-1 needs to have 
a size large enough to store the signal charge Qsig. 
However, the potential at H level of the clock signal 
<pS does not necessarily need to be deeper than the 
potential under the gate electrodes 3-1 to 3-4 as 
shown in the above described example. 

Thus, the signal charge Qsig is collected under 
the gate electrode 4-1 and after scanning of one 
horizontal line of the horizontal transfer portion 5, 
the clock signaJ cpH of the gate electrode 5-1 of the 
horizontal transfer portion 5 contacting the gate 
electrode 4-2 is raised to H level and the clock signal 
<pT of the gate electrode 4-2 is raised to H level at the 
timing T6 shown in Fig. 7, with the result that the 
potentials under the respective gates are as shown 
in (g) of Fig. 6. In this case, the potential under the 
gate electrode 4-2 is set higher than the potential 
under the gate electrodes 4-1 and 5-1; however, 
such setting is not necessarily needed. 

Next, at L level of the clock signal <pS at the timing 
T7 shown in Fig. 7, the potentiaJ under the gate 
electrode 4-1 becomes shallow as shown in (h) of 
Fig. 6 and the signal charge Qsig is moved into the 
potentiaJ well under the gate electrode 5-1. After 
that, the clock signal q>T is lowered to L level at the 
timing T8 shown in Fig. 7 f and the potentiaJ under the 
gate electrode 4-2 becomes shallow as shown in (j) 
of Fig. 6, causing the signal charge Qsig to be 
transferred by the horizontaJ transfer portion 5. The 
horizontal transfer portion 5 receiving the signal (the 
signaJ charge Qsig) transfers the signal to the output 
preamplifier 6 successively. When the signal is thus 
transferred to the horizontal transfer portion 5, the 
clock signals <pV1 to <pV4 and <pS are raised again to 
H level at the timing T9 shown in Fig. 7 and the same 
conditions as those at the timing T1 are set, whereby 
the above described cycle is repeated. 

Although the above described operation was 
related to the case of reading out the content of any 
one of the detectors la in one vertical transfer 
portion 3a, the same operation is performed for the 
respective other vertical transfer portions 3b and 3c. 

In the above described manner, the charge is 
transferred through the potential wells as in the 
conventional CCD system and consequently no 



spike noise as in the MOS system is produced. In 
addition, the amount of signal charge to be accepted 
can be considerably increased since it is defined by 
the potentials of the entire area of the vertical 
5 transfer portions 3a to 3c for one vertical line, and 
even if a width of a channel forming the vertical 
signal line is reduced, a sufficiently large amount of 
signal charge can be accepted. Furthermore, since 
the interface portion 4a and the horizontaJ transfer 

10 portion 5 can be formed outside an array of the 
photodetectors 1a to 1c f there is less limitation in 
dimensions and it becomes easy to make large the 
areas of the interface portions 4a to 4c or the area of 
the horizontaJ transfer portion 5 according to a 

15 necessary amount of charge. On the other hand, in 
the above described example, the vertical transfer 
portion 3a is scanned in one horizontaJ period 
(normally, charge transfer is effected in the vertical 
transfer portion for a period approximately to one 

20 frame time at the maximum) and the time of 
existence of the signal charge Qsig in the channel is 
shortened. Consequently, a channel leak current can 
be decreased, making it possible to cause less 
smears around a normal image due to storage of 

25 signaJ charge mixed directly in the CCDs without 
passing through the photodetectors 1a to 1c. 

Fig. 8(a) is a sectional view corresponding to 
Fig. 6(a) and Figs. 8(b) to (j) represent each potential 
of channels in the device of the structure of Fig. 8(a) 

30 in relation to the respective timings. The timing 
relations of the clock signals are entirely the same as 
in Fig. 7 described previously. 

Fig. 8(a) is different from Fig. 6(a) in that small 
potential barrier regions 9-1 to 9-4 are formed under 

35 the respective gate electrodes. This structure is the 
same as that of conventional two-phase drive type 
CCDs and those barrier regions can be formed by 
the same method. In other words, in the case of 
buried channels, the potential barrier regions 9-1 to 

40 9-4 can be formed by making lower the impurity 
concentration in the portions for those barrier 
regions than that of the other portions. 

The drive method is the same as in the case of 
Fig. 6. In the case of Fig. 8, the small potential 

45 barriers are formed in the channel as shown in (b) to 
(j) of Fig. 8 and accordingly the charge Qsig is not 
widely distributed in the channel and it is divided and 
stored near the region of injection of the signal, 
according to the capacities of the wells divided by 

50 the potential barriers. As a result, transfer of the 
signaJ is effected in the form of a mass of the charge, 
which enhances the self-induction drift effect and 
improves the transfer efficiency. 

Fig. 9 is an illustration showing a section taken 

55 along the transfer direction of CCDs of a four-phase 
drive system constituting the horizontal transfer 
portion of Fig. 5, as well as potentials in this portion. 
Fig. 10 is a timing chart showing clock pulses applied 
to the transfer electrodes in this portion. 

60 Referring to those figures, transfer operation of 
the CCDs in the horizontal transfer portion will be 
briefly described shown in Fig. 8. 

It is assumed in the following that the gate to 
which the signal cpA1 is applied is the gate 

65 connected to the gate electrode 4-2. 
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First, in response to the clock pulses shown in 
Fig 10, a voltage of H level is applied to the terminals 
<pA1 and cpA2, and a voltage of L level is applied to 
the terminals <pA3 and q>A4 out of the terminals 
connected to the gate electrode 11 of the honzontal 
transfer portion 5. Then, the potential well under the 
gate electrode of the silicon substrate 10 becomes 
as shown at time to. At this time, the charges of Qa, 
Qb and Qc transferred by the vertical transfer 
portions 3a to 3c are transferred into the potential 
wells formed under the two gates through the 
interface portions 4a to 4c and temporality stored 
therein. Transfer from the interface portion to the 
horizontal transfer portion is effected as shown in 
(g) to (i) of Fig. 6. The signal <pA1 of the gate 
connected to the gate electrode 4-2 in the horizontal 
transfer portion is raised to H level. This H level may 
be the H level at the time of normal transfer 
operation. Then, when the signal <pT ' s raised to H 
level and the signal <pS is lowered to L level, the 
charge stored under the gate electrode 4-2 1 is 
transferred to the horizontal transfer portion. The 
stored charge is moved in the potential well based 
on the clock pulses as shown at the times t1 to t4, 
whereby it is successively transferred toward the 
preamplifier 6. Subsequently, the charges trans- 
ferred from the vertical transfer portions 3a to 3c are 
successively transferred to the output by repeatedly 
applying the clock pulses in the same manner. 

in the above described conventional solid-state 
image sensor, as the pixel size becomes micro- 
scopic the above described transfer method can be 
applied suitably as for the vertical transfer portions 
but a difficulty is involved as for the honzonta 
transfer portion. Since the number of vertical 
transfer portions allowed to be provided with 
respect to the length of the horizontal transfer 
portion in the transfer direction is further increased 
when the pixel size is made microscopic, the gate 
length of one stage of transfer gates of the 
horizontal transfer portion is further reduced. For 
example, in the case of Fig. 9, since the number of 
vertical transfer portions permissible is three and the 
number of transfer gates required is 3 x 4 - 12 
because the CCDs are of a four-phase drive type. As 
the pixel size becomes more microscopic, the 
number of transfer gates increases proportionally 
because the number of vertical transfer portions 
connected to the horizontal transfer portion of the 
same length increases. As a result, reduction in the 
pixel size has to be limited because of a short 
channel effect caused by reduction of the gate 
length or because of limitations in microstructure 
technology. In addition, since the number of transfer 
gates in the horizontal transfer portion is increased, 
operation frequency of the horizontal transfer por- 
tion functioning as the charge transfer device is 
unfavorably increased. 

SUMMARY OF THE INVENTION 

An embodiment of the present invention provides 
a solid-state image sensor suitable for rendering a 
pixel size microscopic. 

An embodiment of the present invention also 
provides a solid-state image sensor in which a 



transfer manner of a horizontal transfer portion is not 
changed although the pixel size is made micro- 
scopic, compared with the prior art. 
An embodiment of the present invention further 
5 provides a solid-state image sensor in which the 
number of transfer gates of the horizontal transfer 
portion is not increased in spite of the microscopic 

pixel size. . ^ _ 

An embodiment of the present invention further 
W provides a solid-state image sensor in which a gate 

length of the horizontal transfer portion is not 

reduced in spite of the microscopic pixel size. 
An embodiment of the present invention still 

further provides a solid-state image sensor in which 
IS an operation frequency of the horizontal transfer 

portion is not increased in spite of the microscopic 

pixel size. 

A solid-state image sensor according to an aspect 
of the present invention comprises: photoelectric 
20 conversion means, first vertical transfer means, first 
horizontal transfer means, first output means, sec- 
ond vertical transfer means, second horizontal 
transfer means, and second output means. The 
photoelectric conversion means is arranged at least 
25 in a first group of columns and a second group of 
columns and it converts a received light signal to an 
electric signal. The first vertical transfer means reads 
out and transfers a first electric signal converted by 
the photoelectric conversion means arranged in the 
30 first group of columns. The first horizontal transfer 
means comprises a first charge transfer device 
which reads out and transfers the first electric signal 
transferred by the first vertical transfer means. The 
first output means outputs to outside the first 
35 electric signal transferred by the first horizontal 
transfer means. The second vertical transfer means 
reads out and transfers a second electnc signal 
converted by the photoelectric conversion means 
arranged in the second group of columns. The 
40 second horizontal transfer means comprises a 
second charge transfer device which reads out and 
transfers the second electric signal converted by the 
second vertical transfer means. The second output 
means outputs to outside the second electnc signal 
45 transferred by the second horizontal transfer means. 
The solid-state image sensor constructed as 
described above is provided with at least two 
horizontal transfer means and accordingly the 
number of gate electrodes constituting CCDs as the 
50 horizontal transfer means allowed to be provided 
with respect to the length thereof in the transfer 
direction is not increased in spite of the microscopic 

pixel size. u 
An embodiment of the present invention, given by 
55 way of non-limiting example, will now be described 
with reference to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
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65 



Fig. 1 is a block diagram showing an 
embodiment of the present invention, in which 
photoelectric converting portions, vertical 
transfer portions, horizontal transfer portions 
and the like are arranged. 

Fig. 2 is a block diagram showing processing 
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of an output signal in the above mentioned 
embodiment. 

Fig. 3 is a timing chart showing clock pulses 
applied to transfer electrodes in Fig. 2. 

Fig. 4 is a block diagram showing processing 
of an output signal in another embodiment of 
the present invention. 

Fig. 5 is a block diagram of a conventional 
solid-state image sensor, in which one horizon- 
tal transfer portion is provided. 

Fig. 6 is an illustration showing a cross 
section of a general vertical transfer portion and 
potential wells in that portion. 

Fig. 7 is a timing chart showing clock pulses 
applied to transfer electrodes in Fig. 6. 

Fig. 8 is an illustration showing a cross 
section of another example of a general vertical 
transfer portion and potential wells in that 
portion. 

Fig. 9 is an illustration showing a cross 
section of a general horizontal transfer portion 
and potential wells in that portion. 

Fig. 10 is a timing chart showing clock pulses 
applied to transfer electrodes in Fig. 9. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Fig. 1 is a block diagram showing an embodiment 
of the present invention. 

Referring to the figure, a construction of this 
embodiment will be described. 

Photodetectors 1a to 1d formed by photodiodes 
or the like arranged in four columns and three rows 
are connected to vertical transfer portions 3a to 3d 
formed by CCDs through transfer gates 2a to 2d, 
respectively. Transfer ends of the vertical transfer 
portions 3a and 3c are connected to a horizontal 
transfer portion 5a formed by a charge transfer 
device through interface portions 4a and 4c, respec- 
tively, while transfer ends of the vertical transfer 
portions 3b and 3d are connected to a horizontal 
transfer portion 5b formed by a charge transfer 
device through interface portions 4b and 4d t 
respectively. Transfer ends of the horizontal transfer 
portions 5a and 5b are connected to connection 
terminals 7a and 7b through preamplifiers 6a and 6b, 
respectively. * ~~ 

Now, operation of the solid-state image sensor 
thus constructed will be described. 

Light signals inputted to the photodetectors 1a to 
1d are converted therein to electric signals, which 
are successively read out at the vertical transfer 
portions 3a to 3d by turn-on of the transfer gates 2a 
to 2d, respectively. The signals read out at the 
vertical transfer portions 3a and 3c are transferred to 
the lower side in the figure through CCDs, i.e., 
transferred to potential wells divided in two stages 
5a-1 and 5a-2 of the horizontal transfer portion 5a 
through the interface portions 4a and 4c, respec- 
tively. On the other hand, the signals read out at the 
vertical transfer portions 3b and 3d are transferred 
to the upper side in the figure through CCDs, i.e., 
transferred to potential wells divided in two stages 
5b-1 and 5b-2 of the horizontal transfer portion 5b 
through the interface portions 4c and 4d, respec- 



tively. The signal charges read out at the horizontal 
transfer portions 5a and 5b are further transmitted 
through CCDs thereof and the transferred charges 
are amplified to electric signals by the preamplifiers 

5 6a and 6b, whereby the electric signals are taken out 
successively from the output terminals 7a and 7b as 
light input information of the photodetectors 1a to 
1d. This cycle of sequential conversion, transfer and 
output operations is successively repeated so that 

10 image processing is performed. 

Assuming that the CCDs used for the horizontal 
transfer portions 5a and 5b are of the four-phase 
drive type as in the conventional device, the number 
of necessary gate electrodes for each CCD is 2 x 

15 4 ==» 8 since the potential wells are in two stages. In 
the conventional device, the number of necessary 
gate electrodes is 4 x 4 =« 16 because four stages of 
potential wells are required. Thus, according to this 
embodiment, the number of gate electrodes for each 

20 CCD of the horizontal transfer portion having the 
same length as in the conventional device is a half of 
that in the conventional device. Accordingly, even if 
the density of pixels with respect to the longitudinal 
direction of the horizontal transfer portion becomes 

25 twice that in the conventional case because of the 
smaller pixel size, the gate length for one stage of 
gate electrodes is the same as in the conventional 
case. In addition, if the number of gate electrodes is 
a half of that in the conventional case, the operation 

30 frequency of the CCDs is also a half of that in the 
conventional case. 

Fig. 2 is a block diagram showing processing of 
output signals in the above mentioned embodiment 
and Fig. 3 is a timing chart showing clock pulses 

35 applied to transfer electrodes in Fig. 2. 

In this embodiment, two horizontal transfer por- 
tions are provided as is different from the prior art 
and accordingly it is necessary to adjust output 
signals provided from the horizontal transfer por- 

40 tions. In the example of Fig. 2, the adjustment of the 
output signals is effected in the horizontal transfer 
portions. In the following, a brief description is given 
assuming that the CCDs are of a two-phase drive 
type for convenience of explanation. 

45 In the example shown in Figs. 2 and 3, two-phase 
clock pulses <pH1 and q>H2 are applied to the 
horizontal transfer portions 5a and 5b, respectively. 
Those clock pulses (pH1 and cpH2 are complemen- 
tary pulses. The clock pulse applied to a gate at the 

50 transfer end of the horizontal transfer portion 5a is 
(pH1, while the clock pulse applied to a gate at the 
transfer end of the horizontal transfer portion 5b is 
<pH2. The outputs of the output terminals 7a and 7b 
are brought together as one output through a switch 

55 15 and is supplied to a sample-and-hold circuit 12. 
Since the CCDs are of the two-phase drive type, the 
horizontal transfer portions 5a and 5b provide 
outputs for each cycle of the clock pulses <pH1 and 
<pH2. However, a data output period 13 for outputting 

60 data from the output ends of the horizontal transfer 
portions 5a and 5b in the above described construc- 
tion occurs alternately with a delay of a half of the 
cycle. More specifically, as shown in Fig. 1, the 
horizontal transfer portions 5a and 5b transfer the 

65 signal charges from the respective groups of 
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alternate pixel columns and, accordingly, the switch 
15 is turned to either side corresponding to each 
data output period 13. whereby the signal finally 
outputted from the sample-and-hold circuit can be 
processed in the same manner as in the case of the 
output signal of the prior art. 

Fig. 4 is a block diagram showing processing of an 
output signal in another embodiment of the present 
invention. In this example, the output signal is 
adjusted outside the horizontal transfer portions. 

Referring to Fig. 4, the output terminals 7a and 7b 
of the horizontal transfer portions 5a and 5b are 
connected to afirst gate 14a and a second gate 14b, 
respectively, and the outputs thereof are brought 
together as one output, which is supplied to the 
sample-and-hold circuit 12. In this example, opening 
and closing timing of the first gate 1 4a and that of the 
second gate 14b are applied with a delay corre- 
sponding to a half of a drive cycle of the CCDs of the 
horizontal transfer portions 5a and 5b, so that data 
outputted from the horizontal transfer portions 5a 
are interpolated by data outputted by the horizontal 
transfer portion 5b. Accordingly, a signal finally 
outputted from the sample-and-hold circuit 12 can 
be processed in the same manner as in the case of 
the output signal in the prior art. 

Although the transfer system in the vertical 
transfer portions is not specified in the above 
described embodiments, it may be the system 
shown in Fig. 6 or Fig. 8 concerning the conventional 
device or it may be other transfer system of CCDs. If 
signal charges are transferred by the system of 
Fig. 8, impurity regions as potential barriers are 
formed in part of the silicon substrate under each 
gate electrode; however, since such barriers are 
provided on the upstream side of the transfer 
direction, the barriers in the CCDs of the adjacent 
vertical transfer portions shown in Fig. 1 are not 
located in a line but they are located in an alternate 
form. 

In addition, in the above described embodiments, 
the two horizontal transfer portions are provided, 
one in the upper portion and the other in the lower 
portion in the figures. However, four horizontal 
transfer portions may be provided, that is, two in the 
upper portion and the other two in the lower portion 
and if transfer of the signal charge is effected in each 
of the vertical transfer portions in such a case, the 
number of gate electrodes of the horizontal transfer 
portions can be further decreased to a half. Thus, a 
larger number of horizontal transfer portions may be 
provided. 

Furthermore, although the transfer directions of 
. the vertical transfer portions are different for each 
column, it is needless to say that the transfer 
directions may be different for a group of a given 
number of columns, not for each column. 

As described in the foregoing, according to the 
present invention, at least two horizontal transfer 
means are provided and, accordingly, the necessary 
number of gate electrodes of the CCDs thereof with 
respect to a given pixel density can be decreased. 
Thus, pixels can be made further microscopic and, in 
addition, an increase in the operation frequency of 
the CCDs can be avoided. 



Although the present invention has been de- 
scribed and illustrated in detail, it is clearly under- 
stood that the same is by way of illustration and 
example only and is not to be taken by way of 
limitation. 
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1. A solid-state image sensor comprising: 
a plurality of photoelectric conversion means (la 
to Id) arranged in column groups including at 
least a first column group and a second column 
group, for converting a light signal received to 
an electric signal, 

first vertical transfer means (2a, 2c, 3a, 3c) for 
reading out a first electric signal converted by 
said photoelectric conversion means arranged 
in said first column group and transferring said 
first electric signal, 

first horizontal transfer means (4a, 4c, 5a) 
comprising first charge transfer device for 
reading out and transferring said first electric 
signal transferred by said first vertical transfer 
means, 

first output means (6a) for outputting said first 
electric signal transferred by said first horizon- 
tal transfer means to outside, 
second vertical transfer means (2b, 2d, 3b, 3d) 
for reading out and transferring a second 
electric signal converted by said photoelectric 
conversion means arranged in said second 
column group, 

second horizontal transfer means (4b, 4d, 5b) 
comprising second charge transfer device for 
reading out and transferring said second elec- 
tric signal transferred by said second vertical 
transfer means, and 

second output means (6b) for outputting said 
second electric signal transferred by said 
second horizontal transfer means to outside. 

2. A solid-state image sensor in accordance 
with claim 1, wherein 

columns of said first column group and columns 
of said second column group are arranged 
alternately. 

3. A solid-state image sensor in accordance 
with claim 2, wherein 

first drive pulses for driving said first charge 
transfer device and second drive pulses for 
driving said second charge transfer device are 
complementary to each other. 

4. A solid-state image sensor in accordance 
with claim 3, further comprising: 

third output means (12, 14a, 14b, 15) for 
bringing together said first electric signal 
outputted by said first output means and said 
second electric signal outputted by said second 
output means into a signal and outputting said 
signal to outside. 

5. A solid-state image sensor in accordance 
with claim 4, wherein 

said third output means comprises switching 
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means (14a, 14b, 15) for successively output- 
ting said first electric signal and said second 
electric signal in response to said first drive 
pulses and said second drive pulses, respec- 
tively. 5 

6. A solid-state image sensor in accordance 
with claim 1 , wherein 

a direction of transfer of said first electric signal 
by said first vertical transfer means and a 
direction of transfer of said second electric 10 
signal by said second vertical transfer means 
are opposite to each other. 

7. A solid-state image sensor in accordance 
with claim 1, wherein 

said first and second vertical transfer means 15 
comprise third and fourth charge transfer 
devices, respectively. 

8. A solid-state image sensor in accordance 
with claim 7, wherein 

said third and fourth charge transfer devices 20 
comprise a semiconductor substrate (8) having 
a transfer region for transferring said first or 
second electric signal and a plurality of gate 
electrodes (3-1 to 3-4) arranged over said 
transfer region of said semiconductor substrate 25 
in the direction of transfer of said first or second 
electric signal, and 

potential barriers (9-1 to 9-4) are formed on the 
upstream side of said transfer direction in said 

30 



transfer region under said gate electrodes. 

9. A solid-state image sensor in accordance 
with claim 8, wherein 

said potential barriers are impurity regions 
having an impurity concentration lower than 
that of said transfer region of said semiconduc- 
tor substrate. 

10. A solid state image sensor having a 
plurality of groups (la, Ic) of photoconversion 
devices, a plurality of first direction read-out 
transfer means (3a, 3c) each for reading out 
from the photoconversion devices of a respec- 
tive group, and a second direction read-out 
transfer means (5a) for reading out from the 
plurality of first direction read-out transfer 
means, 

characterised by 

a further plurality of groups (1b, 1d) of photo- 
conversion devices, preferably interspersed 
with the first plurality, a further plurality of first 
direction read-out transfer means (3b, 3d) each 
for reading out from the photoconversion 
devices of a respective group of the further 
plurality of groups, and a further second 
direction read-out transfer means (5b) for 
reading out from the further plurality of first 
direction read-out transfer means. 
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